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FLAME RESISTANT POLYETHERIMIDE-SILOXANE POLYETHERIMIDE COPOLYMER BLENDS 



Background of the Invention 

5 This invention relates to improved melt processed blends of polyetherimides and siloxane 
polyetherimide copolymers. These blends are characterized by very low flammabilities. They are particu- 
larly suited for the construction of various panels and parts for aircraft interiors. 

Because of their light weight, durability and strength, engineering thermoplastics are used for the 
construction of many components of aircraft interiors. Components such as wall panels, overhead storage 

w lockers, serving trays, seat backs, cabin partitions and the like are conveniently and economically fabricated 
from thermoplastics by extrusion, thermoforming, injection molding and blow-molding techniques. 

Recent attention to the effects of fire and smoke on survivability during aircraft mishaps has led to the 
promulgation of standards for the flame resistance of construction materials used for the interiors of 
transport category aircraft. One drawback of engineering thermoplastics conventionally used for the 

is construction of aircraft interior components is their inability to meet the latest flammability performance 
standards. Such standards are embodied in 1986 amendments to Part 25-Airworthiness Standards- 
Transport Category Airplanes of Title 14, Code of Federal Regulations. (See 51 Federal Register 26206, 
July 21. 1986 and 51 Federal Register 28322. August 7. 1986.) The flammability standards are based on 
heat calorimetry tests developed at Ohio State University. Such tests are described in the above-cited 

20 amendements to 14 C.F.R. Part 25 and are incorporated herein by reference. 

Various means have been employed for enhancing the flame resistance of engineering thermoplastics. 
In general, these means involve blending with the thermoplastic an additive or another polymer which 
reduces the overall flammability of the resin. In copending U.S. patent applications, serial numbers 925.916 
and 925,915. filed November 3, 1987. low-flammabitity blends of polyetherimides and polyetherimide- 

25 polycarbonate mixtures with certain siloxane polyetherimide copolymers are disclosed. These blends 
maintain the good heat-release and smoke-release characteristics of polyetherimides and have improved 
impact strengths and processing characteristics. 

A variety of known polymers and additives are characterized by very low flammabilities. However, 
simply blending such materials with high-performance engineering'thermoplastics often does not yield a 

30 useable flame-resistant material. For example, the low-flammability material may not be compatible with the 
engineering thermoplastic at the concentrations required to impart significant flame retardance. E.g., the 
low-flammability material may not be miscible with the engineering thermoplastic, or it may not be stable at 
the processing temperatures of the engineering thermoplastic. Even low-flammability materials which are 
compatible with the engineering thermoplastic often cannot be used effectively to lower the flammability of 

35 the thermoplastic. If the effect on flammability is merely additive, as a result of dilution, then to achieve a 
desired reduction in flammability. so much of the low-flammability material must be added as to adversely 
affect the physical properties or the processability of the engineering thermoplastic. 

Perfluorocarbon polymers, such as polytetrafluoroethylene, fluorinated ethylene propylene, perfluoro 
alkoxy resin, and the like, are known to have very low flammabilities. Heretofore, perfluorocarbon polymers 

40 have been used as drip inhibitors in certain thermoplastics, but it has not been suggested to use these 
materials to improve heat-release and smoke-release characteristics of thermoplastics. Perfluorocarbon 
polymers have been blended with polyetherimides for reasons unrelated to the flammability properties. For 
example. U.S. patent 4.433.104, which issued to Harold F. Giles, Jr. on February 21, 1984 describes 
polyetherimide-fluorinated polyolefin blends which have good flexural strength and flexural modulus, and 
45 which have higher impact strengths than the unmodified polyetherimide. U.S. patent 4.532,054, which 
issued to Robert O. Johnson on July 30. 1984, discloses polyetherimide bearing compositions that contain 
a polyetherimide, a fluoropolymer. such as polytetrafluoroethylene. and various lubricants and reinforcing 
agents. Bearing compositions containing a thermoplastic resin, such as certain polyimides, and a filled 
polytetrafluoroethylene material are described by James W. Cairns in U.S. patent 3,994,814. The function of 
so the perfluorcarbon polymers In the prior art blends has been to modify the impact strength or to lower the 
coefficient of friction of the polyetherimides with which they were blended. 

Inorganic oxides such as titanium dioxide, antimony oxide, and the like have long been used as 
pigments and fillers for various thermoplastics including polyetherimides. In addition, antimony pentoxide 
has been used as a synergist to halogenated organic flame retardants employed in thermoplastic resins. 
For example. U.S. patent 4.636,544 to Hepp, L.R.. discloses certain polyester molding compositions which 
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contain halogenated flame-retarding compounds and an antimony oxide synergist. The molding composi- 
tions described in U.S. patent 4,636,544 may also contain thermoplastic resins in addition to polyesters. 
Such thermoplastic resins include, inter alia, polyetherimides. The compositions also include finely divided 
titanium dioxide to inhibit tracking, i.e., electrical discharge or excessive leakage across the surface of 
molded articles used in electrical applications. 

Heretofore, there has been no suggestion to use titanium dioxide to improve the heat-release and 
smoke-release characteristics of engineering thermoplastics. Prior art uses of titanium dioxides in thermo- 
plastics have generally been as pigments or fillers. 

A need continues to exist for high performance engineering thermoplastics which have very low 
flammabilities and smoke release characteristics. 



Summary of the Invention 
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In accordance with the present invention, polymer blend compositions contain a polyetherimide, an 
impact strength-enhancing amount of a siloxane polyetherimide copolymer and a flammability-retarding 
effective amount of a perfluorocarbon polymer. 

It has been found that certain perfluorocarbon polymers have a surprisingly pronounced effect on the 
flammabilities of polyetherimide-siloxane polyetherimide copolymer blends. Moreover, the polymer blends 
of this invention have excellent physical properties and are amenable to conventional melt-processing and 
thermoforming techniques. 

In an alternative embodiment of this invention, dispersing minor amounts of titanium dioxide in 
polyetherimide-siloxane polyetherimide copolymer blends has been found to improve markedly the heat- 
and smoke-release characteristics of the polymers. In certain preferred embodiments, both a perfluorocar- 
bon polymer and titanium dioxide are incorporated into the polyetherimide-siloxane polyetherimide 
copolymer blends. The latter compositions are characterized by remarkedly low flammabilities, yet have 
excellent physical properties and processabilities. 

In addition to improving the flammabllity characteristics of polyetherimide-siloxane polyetherimide 
copolymer blends, perflurocarbon polymers have also been found to improve these characteristics for 
certain other polymers. In particular, incorporating minor amounts of perfluorocarbon polymers into 
polyetheretherketones. polysulfones and polyethersulfones significantly improves the heat- and smoke- 
release characteristics of these polymers. 



35 



Detailed Description of the Invention 



The polyetherimides employed in the blends of this invention are well-known injection moldable 
40 engineering thermoplastics. Polyetherimides are characterized by high impact strengths, high temperature 
resistance and good processability. 

The polyetherimides used for preparing the blends of this invention contain repeating groups of the 

formula 



45 



50 



55 





N-R- 



wherein "a" is an integer greater than 1, e.g.. from 10 to 10.000 or more; T is -0- or a group of the formula 



3 



EP 0 307 670 A1 



-o-z-o- 



wherein the divalent bonds of the -0- or the -O-Z-O-group are in the 3.3'; 3.4; 4,3*. or the 4,4 positions; Z 
5 is a member of the class consisting of (A): 



70 
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and (B) divalent organic radicals of the general formula 



30 



— n O/ — x — X Q/- 



where X is a member selected from the group consisting of divalent radicals of the formulas 

35 

0 0 
II H 

-CyH2y-# -C-, -S-, -0- and -S- 

40 jj 



where y is an integer from 1 to about 5: and R is a divalent organic radical selected from the group 
consisting of (a) aromatic hydrocarbon radicals having from 6 to about 20 carbon atoms and halogenated 
45 derivatives thereof, (b) alkylene radicals having from 2 to about 20 carbon atoms, cycloalkylene radicals 
having from 3 to about 20 carbon atoms, and (c) divalent radicals of the general formula 



50 



where Q is a member selected from the group consisting of 



55 
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-S-, -0-, -C-, -S-, and -C x H 2x -# 



and x is an integer from 1 to about 5. 

In one embodiment, the polyetherimide may be a copolymer which, in addition to the etherimide units 
to described above, further contains polyimide repeating units of the formula 

0 0 

II II 

c c 

/ \ / \ 

' 5 N M N-R 

\ / \ / 
C C 
li II 
0 0 

20 

wherein R is as previously defined and M is selected from the group consisting of 



25 



where B is -S- or 

30 - $ These polyetherimide copolymers and their preparation are described by Wiliiams et al. in U.S. 
Patent 3,983,093. incorporated herein by reference. 

The polyetherimides can be prepared by any of the methods weli known to those skilled in the art, 
including the reaction of an aromatic bis(ether anhydride) of the formula 

35 0 0 

II II 

c ,c 



«> 0 



c c 

II II 



0 



45 

with an organic diamine of the formula 



(II) H2N-R-NH2 

wherein T and R are defined as described above. 

Bis(ether anhydride)s of formula I include, for example, 

1 .3- bis(2,3-dicarboxyphenoxy)benzene dianhydride; 

1 .4- bis(2,3-dicarboxyphenoxy)benzene dianhydride; 

1 .3- bis(3,4-dicarboxyphenoxy)benzene dianhydride; 
and 

1 .4- bis(3,4-dicarboxyphenoxy)benzene dianhydride; 
4 t 4-bis(phthalic anhydride)ether. 

A preferred class of aromatic bis(ether anhydride)s included by formula I includes compounds 
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formula III. IV and V. which follow: 




35 

and mixtures thereof, where Y is selected from the group consisting of -0-, -S-. 

0 CH 0 



40 -C-, -C-, and -S-. 

I II 
CHj 0 

45 

Aromatic bis(ether anhydride)s of formula 111 include, for example: 
2.2-bis[4-(3.4-dicarboxyphenoxy)phenyl]propane dianhydride; 
4,4-bis(3,4-dicarboxyphenoxy)dipenyl ether dianhydride; 
4,4 -bis(3.4-dicarboxyphenoxy)diphenyl sulfide dianhydride; 
50 4.4-bis(3.4-dicarboxyphenoxy)benzophenone dianhydride; 

4.4-bis(3,4-dicarboxyphenoxy)diphenyl sulfone dianhydride; and mixtures thereof. 

Aromatic bis(ether anhydride)s of formula IV include, for example: 
2.2-bis([4-(2.3-dicarboxyphenoxy)phenyl]propane dianhydride; 
4,4'-bis(2.3-dicarboxyphenoxy)diphenyl ether dianhydride; 
55 4.4-bis(2.3-dicarboxyphenoxy)diphenyl sulfide dianhydride; 
4.4'-bis(2.3-diacarboxyphenoxy)benzophenone dianhydride: 
4.4 -bis(2.3-dicarboxyphenoxy)diphenyl sulfone dianhydride; and mixtures thereof. 
The aromatic bis(ether anhydride)s of formula V may be. for example. 
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4-(2,3-dicarboxyphenoxy)-4-(3,4-dicarboxyph6noxy) diphenyl-2,2-propane dianhydride, 

4-{2,3-dicarboxyphenoxy)-4 -(3,4-dicarboxyphenoxy) diphenyl ether dianhydride; 

4-(2.3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy) diphenyl sulfide dianhydride; 

4-(2,3-dicarboxyphenoxy)-4-(3,4-dicarboxyphenoxy) benzophenone dianhydride; 
5 4-(2,3-dicarboxyphenoxy)-4'-(3,4-dicarboxyphenoxy) diphenyl sulfone dianhydride, and mixtures thereof. 

When polyetherimide/polyimide copolymers are employed, a dianhydride, such as pyromellitic anhy- 
dride, is used in combination with the bis(ether anhydride). 

Some of the aromatic bis(ether anhydrlde)s of formula (I) are shown in U.S. patent 3.972.902 (Darrell 

Heath and Joseph Wirth). As described therein, the bis(ether anhydride)s can be prepared by the 
70 hydrolysis, followed by dehydration, of the reaction product of a n^uosubstituted phenyl dinitrile with a metal 

salt of dihydric phenol compound in the presence of a dipolar, aprotic solvent. 

Additional aromatic bis(ether anhydride)s also Included by formula (I) above are shown by Koton, M.M., 

Florinski, F.S., Bessonov. M.I. and Rudakov. A.P. (Institute of Heteroorganic Compounds. Academy of 

Sciences. U.S.S.R), U.S.S.R. patent 257,010, November 11. 1969. Appl. May 3. 1967. and by M.M. Koton, 
75 F.S. Florinski. Zh. Org. Khin. 4(5), 774 (1 968). 

The organic diamines of formula (II) include, for example: 

m-phenylenediamine, 

p-phenylenediamine, 

4,4'-diaminodiphenylpropane. 
20 4,4 -diaminodiphenylmethane (commonly named 4.4 -methylenedianiline). 

4,4'-diaminodiphenyl sulfide, 

4,4'-diaminodiphenyl sulfone, 

4.4- diaminodiphenyl ether (commonly named 4,4 -oxydianiline), 

1 .5- diaminonaphthalene, 
25 3,3-diamethylbenzidine, 

3.3- dimethoxybenzidine, 

2.4- bis(beta-amino-t-butyl)toluene, 
bis(p-beta-amino-t-butylphenyl)ether, 
bis(p-beta-methyt-o-aminophenyl)benzene, 

30 1 ,3-diamino-4-isopropylbenzene, 
1 ,2-bis(3«amtnopropoxy)ethane, 

benzidine, * 
m-xylylenediamine, 
2,4-diaminotoluene, 
35 2,6-diaminotoluene, 

bis(4-aminocyc!ohexyl)methane, 
3-methylheptamethylenediamine, 

4.4- dimethylheptamethylenediamine, 
2,1 1 -dodecanediamine, 

40 2,2-dimethylpropylenediamine, 
octamethylenediamine, 
3-methoxyhexamethylenediamine, 

2.5- dimethylhexamethylenediamine, 
2,5-dimethylheptamethylenediamine, 

45 3-methylheptamethylenediamine, 
5-methylnonamethylenediamine, 
1 ,4-cyclohexanediamine, 
1 ,1 2-octadecanediamine, 

bis(3-aminopropyl)sulfide, ; 

50 N-methyl-bls(3-aminopropyl)amine, 
hexamethylenediamine, 
heptamethylenediamine, 
nonamethylenediamine, 
decamethylenediamine, and 

55 mixtures of such diamines. 

Preferred polyetherimides are available commercially from General Electric Company. Pittsfield. Mas- 
sachusetts U.S.A. under the registered trademark. ULTEM. 

The blends of this invention further contain a siloxane polyetherimide copolymer. As described in U.S. 
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patent application serial no. 925,916, referenced above, polyetherimide-siloxane polyetherimide copolymer 
blends already have low flammabilities and excellent physical properties. In accordance with the present 
invention, it has been found that, by incorporating into such blends a perfluorocarbon polymer, titanium 
dioxide or mixtures thereof, the flammability can be substantially reduced even further. 

The siloxane polyetherimide copolymers employed in the blends of this invention may be prepared in a 
manner similar to that used for polyetherimides, except that a portion or all of the organic diamine reactant 
is replaced by an amine-terminated organosiloxane of the formula 



wherein n and m independently are integers from 1 to about 10. preferably from 1 to about 5, and g is an 
integer from 5 to about 40. preferably from about 5 to about 25. 

The organic diamine of formula II and the amine-terminated organosiloxane of formula VI may be 
physically mixed prior to reaction with the bis(ether anhydride)(s), thus forming a substantially random 
copolymer. Alternatively, block or alternating copolymers may be used. 

Preferred amine-terminated organosiloxanes are those of the formula VI, in which n and m are each 3, 
and which have a molecular weight distribution such that g has an average value ranging from about 9 to 
about 20. 

The diamine component of the siloxane polyetherimide copolymers generally contains from about 20 to 
50 mole % of the amine-terminated organosiloxane of formula VI and from about 50 to 80 mole % of the 
organic diamine of formula II. In preferred copolymers, the diamine component contains from about 25 to 
about 40 mole %. most preferably about 30 mole % of the amine-terminated organosiloxane. 

Both the polyetherimides and the siloxane polyetherimide copolymers used in the blends of this 
invention may be prepared by any of the procedures conventionally used for preparing polyetherimides. A 
presently preferred method of preparation is described Shashi L Parekh in U.S. patent 4.417,044. which is 
incorporated herein by reference. 

Blending a siloxane polyetherimide copolymer with a polyetherimide has been found to enhance various 
important physical properties of the polyetherimide. In particular, the impact strength of the blend is 
considerably better than that of the unmodified polyetherimide. In addition, the blend is easily fabricated 
into useful parts by sheet extrusion, thermoforming. injection molding and blow molding. Blow molding can 
be an efficient and economical procedure for mass production of certain types of components. The heat 
distortion temperatures (HDT) of the blends of this invention are unexpectedly high, especially in view of the 
rather low HDTs of unblended siloxane polyetherimide copolymers. Further advantages of 
polyetherimide/siloxane polyetherimide copolymer blends are their greater resistance to crack propagation 
and enhanced retention of impact resistance after heat aging as compared to corresponding unmodified 
polyetherimides. The latter property can be important in applications requiring thermoforming. 

The siloxane polyetherimide copolymer is employed in the present blends in impact strength-enhancing 
concentrations. Such concentrations can vary over a fairly wide range, for example, from about 2% to about 
90% by wt. of the blends, preferably, from about 2% to about 75% by wt. of the blends, most preferably 
from about 5% to about 30% by wt. of the blends. 

The perfluorocarbon polymers employed in the blends of this invention are thermoplastic fluorinated 
polyolefins which have an essentially crystalline structure and have a melting point in excess of about 
120" C. They are preferably a polymer of one or more perfluorinated monomers containing ethylenic 
unsaturation and optionally one or more other compounds containing ethylenic unsaturation. Suitable 
monomers include, for example, perfluorinated monoolefins. such as hexafluoropropylene or 
tetrafluoroethylene. and perfluoroalkyl vinyl ethers in which the alkyl group contains up to six carbon atoms, 
e.g.. perfluoro (methyl vinyl ether). The monoolefin is preferably a straight or branched chain compound 
having a terminal ethylenic double bond and containing less than six carbon atoms, especially two or three 
carbon atoms. When units derived from monomers other than fluorine-containing monomers are present, 
the amount thereof is preferably less than 30 mole %. generally less than 15 mole %. Such other 
monomers include, for example, olefins containing less than six carbon atoms and having a terminal 
ethylenic double bond, especially ethylene and propylene. The perfluorocarbon polymers also include those 
in which a portion of the fluorine atoms have been replaced by other halogen atoms, such as chlorine or 



(VI) 
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bromine. Preferred perfluorocarbon polymers include polytetrafluoroethylene, polychlorotrifluoroethylene. 
polybromotrifluorooethylene, and copolymers thereof. A particularly preferred fluorlnated polyethylene is 
polytetrafluoroethylene. Other suitable fluorlnated polyolefins include polyperfluoropropane, polyper- 
fluorobutadiene, polyhexafluoropropylene, fluorinated ethylene propylene copolymer, and perfluoroalkoxy 



resin. 



More specifically, polytetrafluoroethylenes are fully fluorinated polyethylenes of the basic chemical 
formula (-CF 2 -CF 2 -) n which contains about 76% by weight fluorine. 

Relatively low molecular weight perfluorocarbon polymers are preferred for the practice of this 
invention. In general, the molecular weight of preferred perfluorocarbon polymers generally are less than 
about 500,000. Particularly preferred polytetrafluoroethylenes have molecular weights of less than about 
100,000. The optimal molecular weight may vary from one perfluorocarbon polymer to another, and can be 
determined empirically. 

The perfluorocarbon polymers are employed in particulate form. Preferably, these polymers are in the 
form of finely divided solids. The perfluorocarbon polymers may be polymerized to a high molecular weight 
and then broken down to a desired lower molecular weight and particle size by irradiation. Preferred 
perfluorocarbon polymers are polymerized in freon to a desired molecular weight using a chain stopper. 
Examples of perfluorocarbon polymers prepared by the latter procedure are Vydax® AR and Vydax® 1000 
which are available from E.I. du Pont de Nemours Co., Inc., Wilmington, Delaware, U.S.A. An example of a 
perfluorocarbon polymer prepared by the Irradiation procedure is Polymist® F5A available from Ausimont, 
Morristown, New Jersey U.S.A. 

The perfluorocarbon polymers employed in this invention advantageously are highly dispersible in the 
thermoplastic matrix. Uniform dispersion of the perfluorocarbon polymer throughout the matrix results in 
especially low flammability products. Dispersibility is related to the molecular weight and/or particle size of 
the perfluorocarbon polymer. The uniformity of the dispersion of the perfluorocarbon polymer can be 
determined by observing the physical appearance of the molded product or test specimen and by 
measuring the degree of elongation at break of the product. Low elongation values are indicative of poorly 
dispersed products. 

The perfluorocarbon polymer is employed in a flammability-retarding amount. In general, such amount 
is effective in substantially lowering the heat-release and smoke-release characteristics as determined by 
the procedures described in Part 25 of Title 14 of the Code of Federal Regulations referred to above. 
Typically, the concentration of the perfluorocarbon polymer ranges from about 0.2% by wt. to about 20% 
by wt. of the polymer blend. Higher concentrations of the perfluofocarbon can adversely affect the physical 
properties of the polymer. In addition, to minimize the possibility of hazardous gases being evolved during a 
fire the concentration of halogen-containing materials in the present blends is advantageiously kept at a 
minimum. Preferred blends contain from about 0.5% by wt. to about 5% by wt. of the perfluorocarbon 
polymer. 

An alternative embodiment of this invention is directed to compositions of a polyetherimide-siloxane 
polyetherimide copolymer blend which contains a flammability-retarding effective amount of finely divided 
titanium dioxide. Surprisingly it has been discovered that minor amounts of titanium dioxide have a 
substantial effect on the heat-release and smoke-release chracteristics of polyetherimide-siloxane 
polyetherimide copolymer blends. This result is much greater than would be expected form a simple 
additive or dilution effect. 

The titanium dioxide used in these blends is available in finely divided form from numerous suppliers. 
The particle size of titanium dioxide may vary substantially, provided that uniform dispersion of the titanium 
dioxide throughout the polymer matrix is achieved. Higher particle sizes (e.g.. in excess of about 5 
microns), can deleteriously affect the physical properties of the polymer; therefore, lower particle sizes are 
preferred. Any of the available crystalline forms of the titanium dioxide may be used. The rutile form is 
usually preferred because of its superior properties as a pigment. 

The titanium dioxide is melt blended with the polyetherimide-siloxane polyetherimide copolymer blend 
in a flammability-retarding amount. Such amount is sufficient to substantially lower the heat-release and 
smoke-release characteristics of the polymer, as determined by the procedures described in Part 25 of Title 
14 of the Code of Federal Regulations referred to above. Typically, the compositions are prepared by melt 
blending from about 0.5% to about 30% by wt., preferably from about 2% to about 20% by wt. of the 
titanium dioxide with the polymer, based on the total weight of the resulting composition. 

Commercially available titanium dioxide often is silane coated to chemically seal the oxide and to 
improve adhesion of the particles to the polymer matrix. Such coated oxides may be employed in the 
present process, but preferably not in amounts greater than 5% by wt. of the total composition. Higher 
amounts often have a deleterious effect on the appearance of molded articles. 
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Melt blending the titanium dioxide with the polymer blend is accomplished by known procedures, such 
as heating the polymer to a temperature above its glass-transition temperature and mixing or extruding it 
with the titanium dioxide. This melt blending may be performed as an independent step or may be an 
integral part of an extrusion or injection molding operation. 

The polymer compositions of the present invention are characterized by very low flammabilities. 
Without being bound by a particular theory of operation, it is believed that the titanium dioxide interacts the 
siloxane to provide an inorganic network which inhibits movement of the molten polymer and its attendant 
fueling of the combustion. 

Particularly preferred embodiments of the invention are polyetherimide-siloxane polyetherimide 
copolymer blends which contain effective amounts of both a perfiuorocarbon polymer and titanium dioxide. 
These additives appear to exhibit a synergistic effect which results in compositions having remarkably low 
heat-release and smoke-release values. 

In addition to the polymeric ingredients and the titanium dioxide, the biends may contain other 
materials, such as fillers, additives, reinforcing agents, pigments and the like. The compositions of this 
invention exceed the flammabitity standards of Part 25 of Title 14 of the Code of Federal Regulations. 
Moreover, in laboratory tests at 1/16" thickness, they were found to satisfy UL 94 V-0 requirements for 
flammabil'rty, as established by Underwriters Laboratories 1 "Flammability of Plastic Materials Bulletin" of 
January 24, 1980. 

Various blends have been prepared in accordance with this invention and tested for flame resistance. 
The results of these tests are shown in the following examples, which are provided for illustration only and 
are not intended to be limiting. 

Examples 1-41 



Polymer blends described in Table I below were prepared by a conventional melt-blending procedure 
using a laboratory extruder. The blends were extruded into small diameter strands, which were chopped 
into pellets for further molding into test parts. The blends were molded into test plaques by compression 
molding, blow molding, sheet extrusion or injection molding as indicated in Table I. 

The polyetherimide resins employed in these experiments are commercially available resins, sold by 
General Electric Company, under the trademark, ULTEM®. The polyetherimide identified in Table I as Type 
A is a homopolymer prepared by reacting 2.2-bis[4-(3.4-dicarboxyphenoxy)phenyl] propane dianhydride 
("BPA-DA") and m-phenylenediamine. The polyetherimide identified as Type B is a lower molecular weight 
form of Type A. The polyetherimide identified as Type C is a copolymer prepared by reacting 8 PA-DA with 
a 50/50 mixture of m-phenylenediamine and p-phenylenediamine. 

The siloxane polyetherimide copolymer is the reaction product of a mixture of m-phenylenediamine and 
an amine-terminated organosiloxane. with BPA-DA. The siloxane polyetherimide copolymer designated in 
Table I as type A is a block copolymer prepared from BPA-DA and a mixture of 60-65 mole % m- 
phenylenediamine and 35-40 mole % of an amine-terminated organosiloxane of formula VI wherein n and m 
are 3 and g has an average value of 9-10. The siloxane polyetherimide copolymer designated type B is the 
same as type A, except that it is a random copolymer. 

The perfiuorocarbon polymer designated Type A is Table I was obtained from Ausimont. Morristown. 
New Jersey under the trademark Polymist F5A. The perfluorocarbons designated Types B. C and D were 
obtained from E.I. du Pont de Nemours Co., Inc. under the tradename Vydex AR. Vydex 1000 and DLX 
6000 respectively. 

The titanium oxide used was a commerically available pigment grade material. 
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Examples 42-47 

5 

Blends of perfluorocarbon polymers with various other thermoplastics were prepared and tested for 
heat-release and smoke release characteristics. The blends and test plaques were prepared as described in 
the previous examples. The results are shown in Table II. The perfluorocarbon polymers used in these 
w examples was Polymist F5A, obtained from Ausimont, Morristown, New Jersey. 

The results demonstrate the effectiveness of perfluorocarbon polymers in improving the heat and 
smoke-release characteristics of the engineering thermoplastics tested. 
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Claims 

1. A melt-processed polymer blend which comprises a polyetherimide, an impact strength-enhancing 
concentration of a siloxane polyetherimide copolymer and a flammability-retarding effective amount of a 
perfluorocarbon polymer wherein the polyetherimide contains repeating units of the formula 

U 

w 




€s(> 



J5 



20 and the siloxane polyetherimide copolymer consists essentially of repeating units of the formula 

0 

II 

25 

" " -T 

c 

II 

30 0 




and repeating units of the formula 

C -C CH 3 CHj 



0 0 

5 ii 



' W T -0" \-( C H 2 ) n -Si-(0-Si) g .(CH 2 V 

CH> CH 3 

« ! 

o o 

45 where T is -0- or a group of the formula 
-O-Z-O- 

wherein the divalent bonds of the -0- or the -O-Z-O-group are in the 3.3'. 3.4'. 4,3' or 4.4 positions; Z is : 
so member of the class consisting of (A) 
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j6 



-©- • • 

_ — \ 

CH 3 



CH 3 CH 3 

\ 



10 



15 



20 



-(o) — d- • -(o) — ©- 

CH 3 CH 3 Br^ Br 

A0)—-\d)- -(Q)- C(CH 3 ) 2 -(O^- 

CH 3 CH 3 Br Br 



and (B) divalent organic radicals of the general formula 

/7=^ 



-<o>- * -<0>- 



where X is a member selected from the group consisting of divalent radicals of the formula 

0 0 

II II 

-C y H 2y -, -C-, -S-, -0- and -S- 

II 
0 

35 

where y is an integer from 1 to about 5; and R is a divalent organic radical selected from the group 
consisting of (a) aromatic hydrocarbon radicals having from 6 to about 20 carbon atoms and halogenated 
derivatives thereof, (b) alkylene radicals having from 2 to about 20 carbon atoms, cycloalkylene radicals 
having from 3 to about 20 carbon atoms, and (c) divalent radicals of the general formula 

40 



-<o>- « -©>- 



45 

where Q is a member selected from the group consisting of 

O O 

II 0 

so -S-, -0- f -C-, -S-, and -C x H 2x -' 

0 

55 x is an integer from 1 to about 5. n and m independently are integers from 1 about 10 and g is an integer 
from 5 to about 40. 
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2. The polymer blend of claim 1, wherein the perfluorocarbon polymer is selected from the group 
consisting of polytetrafluoroethylene, fluorinated ethylene propylene copolymer, perfluoroalkoxy resin, 
polychlorotrifluoroethylene and polybromotrifiuroethylene. 

3. The polymer blend of claim 1, wherein the perfluorocarbon polymer has a molecular weight less than 

5 about 500,000. 

4. The polymer blend of claim 2, wherein the perfluorocarbon polymer is polytetrafluoroethylene and 
has a molecular weight less than about 100,000. 

5. The polymer blend of claim 1 which contains from about 0.2 wt. % to about 20 wt % of the 
perfluorocarbon polymer. 

to 6. The polymer blend of claim 3, which contains from about 0.5 wt. % to about 5 wt. % of the 
polytetraluforoethylene. 

7, The polymer blend of claim 1, wherein the polyetherimlde further contains repeating units of the 
formula 

0 0 

,s !l II 

c c 

/ \ / \ 

N M N-R 

WW 

20 c c 

il II 

0 0 



25 



30 



wherein R is as defined in claim 2 and M is selected from the group consisting of 

and B — 







where B is -S- or 

35 8. The polymer blend of claim 1, wherein n and m are integers from 1 to about 5. and g is an integer 
from 5 to about 25. 

9 The polymer blend of claim 8, wherein g has an average value from 9 to about 20. 
10. The polymer blend of claim 8 wherein the siloxane polyetherimide copolymer is a substantially 
random copolymer. 

40 1 1 . The polymer blend of claim 8 wherein the siloxane polyetherimide copolymer is a block copolymer. 

12. The polymer blend of claim 8 wherein the siloxane polyetherimide copolymer is an alternating 
copolymer. 

13. The polymer blend of claim 1, wherein the organosiloxane-containing repeating unit constitutes from 
about 20 to about 50 mole % of the siloxane polyetherimide copolymer. 

45 U. The polymer blend of claim 1 , wherein the organosiloxane-containing repeating unit constitutes from 
about 25 to about 40 mole % of the siloxane polyetherimide copolymer. 

15. The polymer blend of claim 1 which contains from about 2% to about 75% by wt. of the siloxane 
polyetherimide copolymer. 

16. The polymer blend of claim 8 which contains from about 5% to about 30% by wt. of the siloxane 

so polyetherimide copolymer. 

17. The polymer blend of claim 16. wherein the polyetherimide consists essentially of repeating units of 

the formula 
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10 



15 



18. The polymer blend of claim 1. which further comprises a flammability-retarding amount of finely 
divided titanium dioxide. 

19. The polymer blend of claim 18. which contains from about 0.5% by wt to about 30% by wt. of the 
titanium dioxide. 

20. The polymer blend of claim 18. which contains from about 2% by wt. to about 20% by wt. of the 
titanium dioxide. 

21 . The polymer blend of claim 20, wherein the titanium dioxide has an average particle size less than 
about 5 microns. 

22. A melt-processed polymer blend which comprises a polyetherimide, an impact strength-enhancing 
20 concentration of a siloxane polyetherimide copolymer and a flammability-retarding effective amount of finely 

divided titanium dioxide, wherein the polyetherimide contains repeating units of the formula 



25 



30 





35 



40 



and the siloxane polyetherimide copolymer consists essentially of repeating units of the formula 



N - R 




and repeating units of the formula 



50 



55 



II II 
C yC CH 3 

C C CH 3 



c 
II 

0 



CH 3 CH 3 

(0-Si) g -(CH 2 ) m . 
CH 3 
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where T is -0- or a group of the formula 
-O-Z-O- 



5 wherein the divalent bonds of the -0- or the -O-Z-O-group are in the 3,3', 3,4, 4,3' or 4,4 positions; Z is a 
member of the class consisting of (A) 

j6 • -(c)- . • • 



TO 



?5 



20 



25 



\ 

CH 3 



CH 3 CH 3 



-to — d- • ~© — 

CH 3 CH 3 Br Br 

-b— d>- and -b- -b- 



/ v. . / 



CH 3 CH 3 Br Br 

and (B) divalent organic radicals of the general formula 

30 



-(O)- * -(G)- 



35 



40 



where X is a member selected from the group consisting of divalent radicals of the formulas 

0 0 

■ 1 . a e 
-C y H 2y -, -C-, -S-, -0- and -S- 



where y is an integer from 1 to about 5; and R is a divalent organic radical selected from the group 
consisting of (a) aromatic hydrocarbon radicals having from 6 to about 20 carbon atoms and halogenated 
derivatives thereof, (b) alkylene radicals having from 2 to about 20 carbon atoms, cycloalkylene radicals 
having from 3 to about 20 carbon atoms, and <c) divalent radicals of the general formula 



where Q is a member selected from the group consisting of 

55 
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O O 

II II 

■S-, -0-, -C-, -S-, and -C x H 2x -# 
0 



x is an integer from 1 to about 5, n and m independently are integers from 1 to about 10 and g is an integer 
from 5 to about 40. 

,o 23. The polymer blend of claim 22, which contains from about 0.5% by wt. to about 30% by wt. of the 
titanium dioxide. 

24. The polymer blend of claim 22, which contains from about 2% by wt. to about 20% by wt. of the 
titanium dioxide. 

25. The polymer blend of claim 24, wherein the titanium dioxide has an average particle size less than 
t5 about 5 microns. 

26. The polymer blend of claim 22. wherein the polyetherimide further contains repeating units of the 
formula 

0 0 

II II 

20 C C 

/ \ / \ 

N M N-R 

\ / \ / 
C C 

25 it It 



wherein R is as defined in claim 2 and M is selected from the group consisting of 

30 \ 



noo 30©: - x> 



B 




35 

where B is -S- or 
O 

27. The polymer blend of claim 22, wherein n and m are integers from 1 to about 5. and g is an integer 
40 from 5 to about 25. 

28. The polymer blend of claim 27. wherein g has an average value from 9 to about 20. 

29. The polymer blend of claim 27. wherein the siloxane polyetherimide copolymer is a substantially 
random copolymer. 

30. The polymer blend of claim 27. wherein the siloxane polyetherimide copolymer is a block 
45 copolymer. 

31 . The polymer blend of claim 27, wherein the siloxane polyetherimide copolymer is an alternating 
copolymer. 

32. The polymer blend of claim 27, wherein the organosiloxane-containing repeating unit constitutes 
from about 20 to about 50 mole % of the siloxane polyetherimide copolymer. 

so 33. The polymer blend of claim 27, wherein the organosiloxane-containing repeating unit constitutes 
from about 25 to about 40 mole % of the siloxane polyetherimide copolymer. 

34. The polymer blend of claim 27 which contains from about 2% to about 75% by wt. of the siloxane 
polyetherimide copolymer. 

35. The polymer blend of claim 27 which contains from about 5% to about 30% by wt. of the siloxane 
55 polyetherimide copolymer. 

36. The polymer blend of claim 35, wherein the polyetherimide consists essentially of repeating units of 

the formula 
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TO 



75 



-oa ?*_ ,00-0- 

0 " CH 3 0 

37. A polymer blend which comprises a flammability-retarding effective amount of a perfluorocarbon 
polymer dispersed in a thermoplastic resin selected from the group consisting of polyetheretherketones, 
polysulfones and polysulfones. 
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